Infections of the orbit and periorbita are relatively frequent, and can cause significant local and systemic morbidity. Loss of vision occurs in more than 10% of patients, and systemic sequelae can include meningitis, intracranial abscess, and death. Numerous organisms infect the orbit, but the most common are bacteria. There are many methods through which orbital infections occur, with infection from the neighboring ethmoid sinuses the most likely cause for all age groups. Prompt management is essential in suspected orbital cellulitis, and involves urgent intravenous antibiotics, rehydration, and treatment of any co-existent underlying systemic disease, e.g., diabetes, renal failure. This review summarizes the common infectious processes of the orbit in both pediatric and adult groups. We review pathophysiology, symptoms, signs, and treatment for infectious orbital processes.
INTRODUCTION
Infections of the orbit and periorbita are relatively frequent and can lead to significant local and systemic morbidity. Loss of vision occurs in more than 10% of patients [ Table 1 ], and possible systemic sequelae include meningitis, intracranial abscess, and death [ Table 2 ]. [1, 2] As such, in patients with suspected orbital infection, while a reliable history and examination are important, prompt treatment is essential, as it may be both sight-and life-saving. 1 • Extension of infection from the sinuses to the orbit is thought to result from septic thrombophlebitis of the valveless veins that are between the two structures • The septum is a natural barrier to the passage of microorganisms, with infections described as pre-septal (periorbital) and post-septal (orbital) • Five "stages" of post-septal infection have been described (Chandler's classification), each with increasing risk of sight loss and systemic morbidity*:
(1) inflammatory edema, (2) orbital cellulitis, (3) subperiosteal abscess, (4) orbital abscess, (5) cavernous sinus thrombosis • Prompt management is essential in suspected orbital cellulitis, and involves urgent intravenous (IV) antibiotics, rehydration, and treatment of any co-existent underlying systemic disease, e.g., diabetes, renal failure • If a patient fails to respond to appropriate measures for any presumed infection, the diagnosis should be reconsidered.
*N.B.: There may not be a sequential transition through each stage -for example, patients may present with an intraorbital abscess without pre-existing subperiosteal collection.

Orbital Infections -Origins
Bacteria can reach the orbit by implantation, local extension, or hematogenous spread. The paper-thin bone of the lamina papyracea and the valveless veins of the midface and orbit predispose this area to infection. Implantation results from trauma to the periorbital area or sinuses. [3] [4] [5] [6] Local extension occurs through spread from contiguous sinusitis. Hematogenous spread occurs from a multiplicity of distant sites, and most often in a debilitated patient. Trauma, nasolacrimal, and odontogenic infections are also important factors that should be considered when locating the source of an orbital infection.
Orbital Infections in Children
Overview
Among children younger than 5 years of age, pre-septal cellulitis is more prevalent than post-septal infection, with ethmoid sinusitis being the most common underlying cause. [3] A wide spectrum of pathogenic organisms is recognized as being associated with these conditions, although, haemophilus infections are less likely following H. influenzae type b vaccination. [7, 8] Surgical intervention, either to drain an infected sinus or a subperiosteal abscess, should be undertaken where there is clinical deterioration, or an inadequate response to antibiotics (vide infra). 
Clinical Features, Diagnosis, and Investigations
The average age for orbital infection in both boys and girls is 7 years, although, for reasons unknown, it is almost twice as common in boys. [9] This finding is in accordance with the trend of more serious childhood infections occurring in males. Presenting clinical features include pain, heat, redness, and swelling in the periorbital region. Any history of fever, sinusitis, upper respiratory tract infection and trauma should be ascertained. In pre-septal infection, there is lid edema and redness, but ocular examination is otherwise normal (Chandler stage 1). Early post-septal clinical features may be quite subtle, and include an inflammation demarcation line (which corresponds to the arcus marginalis; Figure 3) , chemosis, proptosis, reduced eye movements, and loss of vision. [10] In more severe cases, particularly if there is visual loss, there must be consideration of orbital apex syndrome and cavernous sinus thrombosis. In the most severe cases, signs of meningitis indicate intracranial spread of an orbital infection. It is important to emphasize that examination is crucial in differentiating pre-and post-septal infections. Chemosis, proptosis, restriction of extraocular movements, positive relative afferent pupillary defect and visual loss are all indicative of post-septal infections.
A reliable history and examination are of the utmost importance in reaching the correct diagnosis. Investigations, such as hematology, microbiology, and orbital ultrasonography are frequently non-contributory and delay the initiation of treatment. [11] Although contrast-enhanced computed tomography will identify sinus disease and the presence of a subperiosteal or orbital abscess, this too should not delay treatment of a suspected orbital infection. Magnetic resonance imaging (MRI), the secondary choice in orbital imaging, is valuable when cavernous sinus, intracranial extension, or radiolucent foreign bodies are suspected; lumbar puncture is reserved for children with features of meningitis. [12] 
Bacteriology in Pediatric Infections
The most commonly isolated organisms in children with post-septal infection are α-or non-hemolytic streptococci, group A β-hemolytic streptococci, Staphylococcus aureus and Haemophilus influenzae. [9] Among those requiring drainage, positive cultures from abscess or sinus drainage specimens may be expected in two-thirds and polymicrobial infections occur in over a third. A variety of other aerobic organisms may be implicated in orbital infections, including group C β-hemolytic streptococci, Eikenella corrodens, Arcanobacterium haemolyticum, and Moraxella catarrhalis. Anaerobes are encountered less frequently than aerobes, but carry a higher morbidity than aerobic organisms; these include Peptostreptococcus, Bacteroides sp., and Fusobacterium necrophorum. [13] The Management of Pediatric Orbital Cellulitis
Medical treatment
Active and early involvement of the oculoplastic surgeons, ophthalmologists, pediatricians and otorhinolaryngologists is essential in managing children with orbital cellulitis. Outpatient management with oral antibiotics and daily review is appropriate for those individuals with only mild pre-septal disease, and who are otherwise well. In all other cases, the patient should be admitted for IV antibiotics, with systemic and visual functioning monitored and recorded at least thrice daily, depending on the severity of the clinical signs.
Although sinusitis might be managed with appropriate antibiotics, where a child fails to respond to IV antibiotics, or deteriorates despite treatment, endoscopic sinus drainage should be performed. In one study by Nageswaran et al, 12 of 41 children (29%) responded to antibiotics alone. The remainder required surgical drainage, of which the majority also required ethmoidectomy. [9] Since empirical treatment should cover pathogens associated with acute sinusitis (S. pneumoniae, H. influenzae, M. catarrhalis, S. pyogenes) in addition to S. aureus and anaerobes, the current first-line IV antibiotic is ampicillin. Where community-acquired methicillin-resistant S. aureus is prevalent, the advice of a microbiologist should be sought in order to re-evaluate treatment options. Although H. influenzae orbital cellulitis now occurs infrequently, treatment should include a second-or third generation cephalosporin in children younger than 5 years. This particular treatment is recommended because of the risk of meningitis from the organism. [14] There is an argument for the use of adjuvant oral or IV corticosteroids in addition to IV antibiotics as an anti-inflammatory treatment. Recently, Chen et al showed in a prospective comparative study that using IV steroids with IV antibiotics concurrently is safe and reduces the length of the hospital stay. [15] 
Surgical Treatment
Previously, any development of a subperiosteal abscess per se required urgent drainage. However, now, medical treatment is deemed sufficient for those with normal visual function, fewer than 9 years of age, medially located abscesses, and no evidence for intracranial or frontal sinus involvement. [16, 17] Indications for drainage include progression of the disease despite medical management, decrease in visual acuity, positive relative afferent pupillary defect or ophthalmoplegia, and a large, well-defined abscess.
Rudloe et al [18] presented an algorithm to stratify the risk factors for significant complications in those patients with orbital cellulitis, who presented without classic symptoms or clinical findings. They showed that an absolute neutrophil count of greater than 10,000 cells/ml, moderate to severe periorbital edema, absence of conjunctivitis as the presenting symptom, age of more than 3 years, and previous antibiotic use were all predictors of orbital abscess. An edema extending beyond the eyelid margins was thought to be a strong predictor of surgical intervention by Vu et al [19] Smith et al [20] found that risk factors associated with surgery included, age older than 9 years, proptosis, extraocular motility restriction, and elevated intraocular pressure.
Orbital Infections in Adults
Overview
Orbital infections in adults can have several origins [ Table 3 ]. Sinus disease, typically of the ethmoid air cells, is reported in 60 to 70% of cases [ Figures 4 and 5] . [5, [21] [22] [23] Involvement of the more posterior sphenoid sinus may lead to orbital apex syndrome with early visual loss. [24] Posterior extension of any infectious process intracranially may lead to meningitis, abscess, or cavernous sinus thrombosis; these are particularly severe manifestations of orbital infection. Further important causes of infection include direct trauma to the eye, periocular tissues or bony orbit in which a foreign body might also be present, dental infections, and extension of infection posterior to the orbital septum from dacryocystitis [ Figure 6 ]. [21, 23, 25, 26] Immediate management is vital in preventing visual and systemic co-morbidity in orbital infection.
Bacteriology in Adult Orbital Cellulitis
Gram-positive bacteria, particularly staphylococcus and streptococcus species, are the most common organisms identified in adult orbital cellulitis. [3] In contrast to young children, individuals older than 15 years of age are significantly more likely to harbor polymicrobial infections with both aerobic and anaerobic species. This might reflect differences in sinus anatomy between the two groups; in children, the sinus ostia are relatively large in comparison to the sinus cavities and have higher drainage rates than adults. In adults the converse is true, they have well-developed frontal sinuses that are colonized by polymicrobial and anaerobic organisms. In a mixed microbial environment, a synergistic effect between aerobic and anaerobic organisms might occur. Aerobes reduce tissue oxygen pressure, toxic to anaerobic organisms, and anaerobes produce beta-lactamase, which confers a protective effect for aerobes against some antibiotics. Such synergism might explain the finding that the prognosis for a subperiosteal abscess is better in children younger than 9 years of age, in whom drainage cultures are usually negative.
Clinical Evaluation
Relevant features in the history of any patient with suspected orbital infection include soft tissue or bony injury to the midface, a history of antibiotic or steroid treatment, any otolaryngological past history, and systemic illness that indicates a distant infective cause, including upper respiratory tract infections. It is important to properly investigate and understand differences in preceding factors for children and adults. Sinusitis is the major preceding factor in children, while adults are more likely to have trauma and comorbidities. [27] An astute clinician will obtain certain, key information regarding the nature of the infection. This includes the position, whether pre-or post-septal, and the severity, ranging between mild inflammatory periorbital edema to an intraorbital abscess or cavernous sinus thrombosis. Both pre-and post-septal disease can present with local inflammatory signs, such as pain, heat, redness and swelling, in addition to fever. Post-septal infections are often associated with a peripheral demarcation line corresponding to the arcus marginalis [ Figures 4 and 6 ]. These infections are likely to cause general malaise, chemosis, reduced eye movement, exophthalmos and, in severe cases, visual loss.
The development of a subperiosteal abscess can occur in two ways, the first is due to direct extension from an infected sinus. The second, more common way is by local hematogenous spread through the valveless veins that cross from the sinuses into the orbit. The penetration of antibiotics into this space is poor, and visual loss can rapidly ensue with the expansion of an abscess. [28] Further to this, infection in the frontal sinus, with a corresponding subperiosteal orbital abscess, carries a worse prognosis due to the risk of intracranial spread. Should an early intracranial abscess be suspected, thin-slice MRI with fat suppression might enable visualization of any intracranial component. [29] 
Diagnostic Studies
Ancillary studies, such as a white blood cell counts with differential and microbial cultures, are frequently unhelpful in elucidating either the cause or the extent of an infection. However, thin-slice CT imaging with contrast, the modality of choice in imaging the orbit, is helpful in defining the extent of disease and identifying either a foreign body, with appropriate soft tissue windows, or the presence of a subperiosteal or intraperiosteal abscess. [21, 30] The clinician should remember that, occasionally, a hematoma may be misinterpreted as an abscess, and that a surgically-identified abscess might not be evident on CT scanning. [31] Recently, Kang et al [32] reported a role for ocular ultrasound in stratifying the risk to vision for patients with more nonspecific symptoms, such as ocular pain, eyelid swelling, and erythema.
Management of Orbital Infections in Adults
Medical treatment
Patients with mild pre-septal cellulitis, and no evidence of orbital or systemic disease, may be managed as outpatients with oral antibiotics. Those with suspected post-septal infection should immediately commence high-dose, broad-spectrum IV antibiotics. Failure to treat these patients urgently carries a high risk of irreversible vision loss. [11] A combination of parenteral cefuroxime (1.5 g) and metronidazole (500 mg) every eight hours is a reasonable empirical approach until culture results, and the advice of a microbiologist, can be obtained. Where there is a high incidence of community-acquired methicillin-resistant staphylococcus infection, the initial treatment might include vancomycin, cefotaxime, and either metronidazole or clindamycin. [33] In addition, where there is co-existent sinus, ear or oral disease, management should be undertaken in consultation with the appropriate subspecialist. Since the majority of cases are associated with sinus inflammation, a nasal decongestant should also be administered. This can improve drainage of the sinuses and any adjacent subperiosteal intraorbital collection of pus. [34] Most patients with orbital infections improve with medical measures alone; constitutional symptoms generally respond before the orbital signs, which can deteriorate before improving. [35] This unexpected observation might be due to the large volume of fluid administered with IV antibiotics. This is often in the context of systemic dehydration, and may be reflected in the CT signs, which also lag behind, or even worsen, relative to the clinical response. [26] 
Surgical Treatment
The necessity and timing for surgical intervention depend on the patient's history and clinical signs. A subperiosteal abscess that does not respond to antibiotic therapy is one of several indications for drainage [ Table 4 ]. Conversely, a patient with an orbital abscess diagnosed on imaging alone who is responding to oral antibiotics, may be managed medically. [36] Recently, Marchaino et al showed that older patients and males more commonly undergo surgical intervention for orbital cellulitis. [37] The approach for drainage of an orbital collection is determined by the location of the abscess [ Table 5 ]. The periorbita is elevated until the anterior extent of the abscess is reached, and the contents are then released. Microbiological specimens should be obtained, the exposed subperiosteal space washed with saline, and a sutured corrugated drain is left in situ for 2-3 days to permit further drainage.
The majority of orbital collections are subperiosteal; intraorbital abscesses (Chandler stage 4) are rare and usually result from ocular surgery, penetrating injury, or infected hematogenous emboli. An intraconal abscess frequently leads to significant proptosis with visual deterioration, and does not always respond to medical therapy.
No firm argument exists to support the use of glucocorticoids in orbital infections, since this treatment carries a small but significant risk of deterioration in patients with fungal disease, and in those who are immunosuppressed. Where there is clear clinical improvement on medical treatment, or where the bacterial sensitivities are known, their use may be considered on an individual basis. [38] Necrotizing Fasciitis
Overview
Necrotizing fasciitis (NF) is an aggressive, rapidly progressive infection that spreads along subcutaneous fascial planes. Typically caused by group A β-hemolytic streptococcus, periocular NF is a true ophthalmic emergency, since early diagnosis and urgent treatment are paramount. Treatment requires high-dose IV penicillin and clindamycin, and debridement of any affected tissues. 
Pathophysiology and Management
Features of periorbital NF include pain, violaceous skin discoloration with vesicle formation that is often apparent within 24 hours of symptom onset, presence of fluid-filled bullae, tense edema with crepitus, cutaneous anesthesia and frank necrosis. Histological findings show extensive subcutaneous and fascial necrosis [ Figure 8 ]. [39] NF has been associated with traumatic events in patients with compromised immune systems, diabetes, chronic steroid use and alcoholism. [40] Approximately two thirds of cases are associated with group A β-hemolytic streptococcus (GAS). This is a commensal organism that can also cause pharyngitis, pyoderma (impetigo), pneumonia, meningitis, and puerperal sepsis. [41] A wide variety of other bacteria have also been isolated in NF, including group G β-hemolytic streptococcus (GGS), Staphylococcus aureus, Escherichia coli, Pseudomonas, Enterobacter, Klebsiella, Proteus, Bacteroides, Clostridium, and Moraxella catarrhalis. Whether these are primary infections, or secondary to GAS, remains uncertain. [42] [43] [44] Infections spread into the fibrous septae within the orbit from fibrofatty-fascial tissue planes in the eyelid. This can lead to intense perivasculitis and potentially, loss of vision, when ophthalmic or central retinal artery thrombosis occurs. [45] CT and MRI may help in making an early diagnosis, through identification of soft tissue edema infiltrating the fascial planes and/or subcutaneous emphysema.
NF can progress rapidly, over the course of hours to days, leading to septicemia, multi-organ failure, and death for a quarter of patients [ Figure 9 ]. [43] Suspected NF of the periorbita and orbit is, therefore, a true ophthalmic emergency. [42] [43] [44] [45] Effective management depends on timely diagnosis, immediate treatment, including high-dose parenteral penicillin and clindamycin, aggressive debridement of necrotic subcutaneous tissue, and repeated debridements if necessary. [46] It is important to note that all patients with suspected periorbital NF should be monitored extremely closely. Furthermore, the infectious diseases team should have active input, given the potentially destructive and rapidly progressive nature of this disease. [39] 
SUMMARY
Infection of the orbit is relatively common, and can be associated with significant morbidity including loss of vision, meningitis, intracranial abscess, and death. Therefore, clinicians should be aware of the clinical signs, etiology and appropriate management. A reliable history and examination are essential for any patient who is suspected of having an orbital infection in order to treat them promptly and preserve both sight and life. Orbital cellulitis management involves urgent IV antibiotics, rehydration and treatment of any co-existing underlying systemic disease. In addition, if a patient fails to respond to appropriate measures for a presumed infection, the diagnosis must be reconsidered.
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